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Introduction
Several studies report that women in rural Sub-Saharan Africa spend a considerable part of their day collecting water (e.g. Rosen and Vincent, 1999; Blackden and Wodon, 2006; Koolwal and Van der Walle, 2010; Sorenson et al., 2011) . Estimates vary largely but, on average, it takes women about 30 minutes to collect one container, and they spend about 2 hours collecting water each day (Rosen and Vincent, 1999) . Mehretu and Mutambirwa (1992) find that women spend up to 25% of their daily working hours collecting water for the household.
Apart from improved water quality/ quantity and a reduction of water related diseases (see e.g. Fewtrell et al., 2005) time savings are, hence, considered an important objective of improved water supply in poor rural areas (FAO, 2008; Hutton et al., 2006) . This objective becomes even more relevant, given the fact that several recent studies have shown that improved public water supply does not have the desired effects on water quality consumed and on the health of the target population (Wright et al., 2004; Zwane and Kremer, 2007; Waddington and Snilstveit, 2009 ).
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The underlying assumption is that a newly constructed village pump reduces the distance, and therefore also the time households have to spend collecting drinking water. Time gains from improved water infrastructure may be used for income generating activities and/or for prolonged schooling and can therefore (Hutton et al., 2006; Morrison et al., 2007; Ray, 2007; Koolwal and Van der Walle, 2010) . Rural water supply interventions therefore improve the general living conditions for the target population even if no health effects are achieved through improved public water supply. Moreover, any time gains achieved should particularly benefit women as 70-80 percent of the individuals responsible for collecting water in developing countries are women and/or girls (e.g. Ray, 2007; Koolwal and Van der Walle, 2010; Sorenson et al., 2011) .
Surprisingly, very few studies have empirically analyzed the impact of the installation of an improved water source on time savings (Rosen and Vincent, 1999) . Table A1 in 1 The same has been found for the data at hand. In a difference-in-difference analysis we have shown that improved public water supply leads to an improvement of the water quality at the point of source (POS), but does not change water quality at the point of use (POU). Nor do the interventions affect the diarrheal incidence of the target population (Günther and Schipper, 2012) . See Appendix A3 for a replication of these estimates.
the Appendix gives an overview of the identified literature. 2 The range of results across these studies is wide: from time savings of 30 minutes up to 300 minutes per day. However, nearly all studies have at least one limitation with regard to sample size, sample selection and/or endogeneity. Most studies apply cross-sectional techniques -comparing villages with improved to villages with traditional water sources -with only limited possibilities to control for differences in village characteristics. Moreover, many studies are based on a very limited sample size (2 to 16 villages). A notable exception is a recent study by Devoto et al. (2012) who use an experimental design to study the reduction in water collection times due to private household connections in urban areas. They find time savings of 27 minutes per day.
We aim to add to this latest empirical study by analyzing the impact of public water point provision on water collection times and usage in rural areas. As a randomized setting was not feasible within the national program analyzed, we apply a differencein-difference (DD) analysis in combination with a phasing-in approach using a sample of 2000 households within 200 villages in rural Benin. We disaggregate the water collection process into various components: walking and waiting time on the one hand, and time per roundtrip and number of roundtrips on the other hand. To the best of our knowledge, no previous study has quantified the role of population pressure at the water source (leading to increased waiting times) and behavioral change (leading to an increased number of roundtrips) in the context of public water provision and time savings. Moreover, we test who within the household benefits from decreased collection times and whether time savings are transformed into economic activities.
Our main findings can be summarized as follows. A newly installed water pump leads to considerable time savings of 18 minutes for each water collection trip. These time gains are the result of both a reduction in walking time (8 minutes) and a reduction in waiting time (10 minutes) at the water point; the latter is the result of lower population pressure on all water points due to a newly installed water point. Time savings per day are only 35 minutes for each household. This is due to the fact that water installations also lead to an increased number of water containers collected per day; in other words, households trade off time savings and water quantity when a new source is installed.
This latter result might also explain why we find only limited evidence that time gains increase the market labor supply of women. Moreover, men (and not women) seem to be the first to be totally freed from the task of water collection. The economic (opportunity) value of the annual time saving achieved is around 1-2 percent of households' expenditure and between 7-11 percent of the investment costs of public water infrastructure, leading to amortization times of more than 12 years.
The paper is structured as follows. Section 2 describes our data set as well as the methodology applied. Sections 3 and 4 show our main results with regard to time savings and economic outcomes. Section 5 provides some robustness checks and Section 6 discusses the results and concludes.
Treatment, Methodology and Data
The water installations studied in this paper are part of the second national water strategy in two regions of rural Benin (Mono-Couffo in Southern Benin and Collines in Central Benin) which has been ongoing since 2005. Under this strategy, either public standpipes or public manual pumps are installed, depending on the groundwater level and the population size of a village. Hence, villages which receive a public standpipe are on average larger (107 households) than villages receiving a public pump (63 households). Both technologies are considered to be improved water sources according to the official WHO-UN definition (WHO, 2008; WHO/UNICEF, 2012) . The investment costs are about $55,000 USD (FCFA 25,000,000) for a public standpipe and $20,000 USD (FCFA 9,000,000) 3 for a public manual pump, which are mostly covered by donor agencies. Villages have to contribute about 1 percent -$450 USD (FCFA 200,000) for a standpipe and $225 USD (FCFA 100,000) for a pump -to the construction to demonstrate demand for an (additional) improved water point.
Moreover, beneficiaries have to collect water fees of around $1.6 USD per m 3 consumed (FCFA 20 for a container of 25-35 liters) for the maintenance of the water points.
The main objective of this paper is to estimate the impact of such public water points on the time a household spends collecting water and to estimate the effect of achieved time savings on women's labor supply. A key methodological problem when 3 The exchange rate used throughout this paper is 450 FCFA= $ 1USD. analyzing this question is the endogenous placement of infrastructure, which is particularly relevant in the demand-led system described above. To overcome this problem, our empirical strategy has three elements: (1) double differencing, (2) phasein sampling, and (3) (for about half of the sample, i.e. for the region of Collines) selection of control villages based on matching pre-baseline census data.
Any correlation between treatment status and observed or unobserved time-invariant village characteristics is eliminated by applying a double differencing approach.
Second, treatment villages were randomly sampled from the planning lists of the Direction Générale de l'Eau for the year under consideration, whereas control villages were sampled from the water planning lists for the year after. This phase-in sampling (Duflo et al., 2006) should ensure that control villages are, from the viewpoint of treatment eligibility, not different from treatment villages: the second Beninese Water Program already started in 2005. All villages in our sample are hence "late appliers" for public water provision and the order of construction within two years is due to capacity limits rather than any endogenous placement strategy. 4 Third, the selection of control villages (in the region of Collines) from the planning lists of the consecutive year was not random, but used a matching procedure based on prebaseline observables, thus further enhancing comparability between the treatment and control groups.
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Adding phase-in sampling and matching based on census data to the doubledifferencing approach should strengthen the plausibility of the identifying assumption of parallel trends in the absence of treatment, underlying any difference-in-difference approach. We provide further robustness checks with respect to the identifying assumption of our methodology in Section 5. For all our outcome variables of interest we estimate the following equation:
where Outcome is the outcome of interest for household i in village j at time t.
Treatment is a dummy which is equal to one if the household is located in one of the 4 This is also confirmed by Table A3 -at least for observable characteristics. 5 More precisely, a propensity score with respect to receiving the intervention in 2009 (rather than in 2010) was estimated using pre-baseline data from both the 2002 Census and a water point mapping survey done in Collines in 2007. For each treatment village the control village with the nearest match in terms of predicted propensity score was selected (a summary description of the method is provided in Appendix A2). Note that no household in our sample had a private, in-house or compound water connection before or after the survey. However, the proportion of the population already using an improved public water source before treatment takes place is at 40 percent in both control and treatment villages (see Table A4 Pump installations in villages with an existing improved water source might either be required to achieve adequate service levels of not more than 250-500 households per water point (SPHERE, 2002). 8 Or, infrastructure targeting might be imperfect (and/or corrupted). 7 After outlier correction, the difference in number of containers collected between treatment and control villages becomes statistically significant at the 10 percent level. 8 Since 2000, the standard in Benin is one water point per 250 individuals (Danida, 2004) . 9 For the case of Benin, about 50 percent of the villages on the water planning lists had no previous modern water point, 25 percent had inadequate service levels (i.e. more than 250 individuals per water point), and about 25 percent were adequately served even before the intervention. The total time spent per day on water collection decreases by 35 minutes (Table 1, Column 2). At first sight, these daily time savings seem low: daily water collection times are a function of the time needed to collect one container of water (of about 25-35 liters) and the number of containers collected per day (i.e. the number of roundtrips). In 2010, households collected on average 4 containers of water per day (i.e. 4 roundtrips) whereas measured daily time savings of 35 min are only twice the measured roundtrip savings of 18 min, which would imply 2 roundtrips per day.
Time Savings
As indicated by Column 3 (Table 1) , part of the reason is that the number of collected water containers per day increases with a new water point. 13 An increase in water quantities consumed is indeed another important objective of improved water supply (Hutton et al., 2006) . 14 Moreover, any economist would assume that the demand for a normal good (water) increases with a decrease in price (time). However, increased water quantities and reduced time spending are, unfortunately, contradictory goals that might not easily be achieved together. To get a full picture of the impact of public water infrastructure on the time spent collecting water, it is therefore important to analyze both time savings per roundtrip as well as time savings per day, which depend on the endogenous choice of households and on the water quantity collected. Table 1 also shows large time fixed effects, with an increase of 27 minutes per roundtrip over time. At baseline, households were asked for the time needed per roundtrip. In the follow-up survey, we additionally gathered information on the time spent walking one way, waiting at the water point, and chatting at the water point (see discussion below). We note that asking the aggregate question during baseline might have underestimated the true time taken to collect one container of water. This effect has also been shown in studies on consumption expenditure where collecting information on a larger number of expenditure items led to higher aggregate expenditure estimates (e.g. Deaton, 1997; Jolliffe, 2001; Pradhan, 2009; Beegle et al., 2012) . Increased disaggregation should, however, be uncorrelated with treatment.
In a next step, we analyze the drivers of the time gains achieved. We start with the distance to the water source, estimated with self-reported distance categories and with GPS (Global Positioning System) based distance measures. Given that households were unable to provide the exact distance to their main water source, we asked them to estimate the distance based on the following four categories: (1) private water access at the household level, (2) less than 200m distance, (3) 200m-1000m, (4) > 13 A second reason is a pure mathematical one: if q i is the number of collected containers per day by household i and t i is the time this household needs to collect one container of water, and I is the total number of households analyzed then ∑x i t i /I is not equal to ∑x i /I*∑t i /I. 14 In case the service level increases from low access (more than 1km distance to a water point) to basic access (water point within 1km of the household) the volume of water per capita is expected to increase to basic water access of 20 liters per day (WHO, 2008). 1000m distance. According to the WHO (Howard and Bartram, 2003) an improved water source within 1000 meters can be considered as basic water access, and within 200 meters as intermediate water access (>1000m is considered as no access and private as optimal access). No household reported private water access. The selfreported distance is hence a binary variable that takes the value one if the household states that its water source lies within a distance of between 200 and 1000 meters. The GPS measure provides the distance in meters between the household and the household's water source. Unfortunately, GPS data is only available for the follow-up survey in 2010, which restricts us to calculating simple differences for the GPS measure. Table 2 (Column 1 and 2) shows that the probability of using a water source within 200 or 1000 meters increases by 15 of 17 percentage points for households living in villages that received a public water point. Moreover, we find that the distance between households and their main water source is on average 200 meters shorter in villages where a public water point was constructed recently than in control villages, which did not receive a new water point (Table 2 , Column 3). Given that the selfreported distance to the water source does not differ significantly between control and treatment groups at baseline (see Table A4 , Appendix), we think that the observed 2010 difference in average distance to the water point between control and treatment villages, measured using more precise GPS data, can be cautiously interpreted as causal. Even if we assume a conservative walking speed of 2 km/h (considering that a container of 25 to 35 liters of water has to be carried on the way back), a distance reduction of about 200 meters should translate into a time reduction of not more than 12 minutes.
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The estimated time savings of 18 minutes per roundtrip (see Table 1) can therefore not be explained by a reduction in distance alone. Table 3 therefore provides the breakdown of the water collection process into its three main components: walking to and from the water source, time spent queuing at the water point, and time spent chatting (apart from queuing and walking). The data are available for 2010 only. Table 3 suggests that the difference in time for a roundtrip between control and treatment villages does not stem from a decrease in distance only, i.e. walking time to and from the source, but also from shorter waiting times. Improved water supply reduces the walking time by 8 minutes (implying a walking speed of 3 km/h), and the waiting time by another 10 minutes. This phenomenon is especially relevant for larger villages where households mainly benefit in the form of waiting time reductions (13 minutes) and only marginally from decreased walking times (2 minutes). In contrast, smaller villages benefit to a large extent from reduced walking times (14 minutes) and to a lesser extent from decreased waiting times (7 minutes). No significant difference is found between the treatment and control groups with regard to the time spent talking with friends at the water source: the time women use for talking should not be influenced by a water intervention. Reduced waiting times at the newly installed water point could be the result of improved technologies, which speed up the process of collecting water at source.
Another reason for reduced waiting times is the decrease of "population pressure" at the new and existing water points in the village. With the available data we can only analyze the relevance of the second hypothesis. Table 4 Column 1 shows that the installation of an improved water point leads to an increase by 40 percent of households using an improved water source up to 80 percent of the population covered. This means that about 20 percent of households continue to use unimproved sources. Furthermore, the share of households that use two water sources increases by 17 percentage points after the installation of an improved water point (Table 4, Column 2). This indicates that 17 percentage points of households do not use the improved water source all the time.
Note that in contrast to the "old" water source, the improved water comes at a cost of about $1-2 Cents USD per container collected, so some households prefer to continue to consume unimproved but free water. In other words, a considerable number of villagers either never, or only sometimes, uses the newly constructed water point, which means that a newly constructed water point reduces the population pressure on all water sources within a certain village. This certainly is a positive result from a time perspective but not desirable from a health perspective. The relevance of population pressure for water collection times is also supported by Table 3 : firstly, the reported waiting time in smaller villages is much shorter than in larger villages in general, and secondly, a new water point has a much higher impact on waiting times in large villages than in small villages. Table 3 also shows that -even in villages where new public water infrastructure has been installed -the average time needed to collect one container of water is still substantial and longer than 30 minutes, even though the average distance to the water source is below 300 meters (Table 2) . A large part of this time is spent at the water point (i.e. waiting and chatting) and not traveling to and from the water point. Given 17 Note that the difference in waiting times between smaller and larger villages is not due to differences in the amount of water consumed per household between smaller and larger villages. Results are available from the authors on request.
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these results, we think that distance is not a good proxy for the time to collect water and that it is important to always collect data on both distance and time to a water source to evaluate whether water is accessible for households. In contrast, in several reports on water accessibility, a 30 minutes roundtrip to the water source is used as a "synonym" for a water source distanced within 1000 meters (for example WHO, 2003; WHO, 2004) . Estimating the effect of water interventions on the number of household members responsible for water fetching was found to be statistically insignificant for all population groups (see upper part of Table 5 ). Hence, apart from considerable time savings for the household, nobody seems to be totally relieved of the responsibility for collecting water. One reason might be that, in many households (46 percent), only one person was responsible for water collection already at baseline, and someone from the household still needs to collect water after treatment, even if it takes less time.
Labor Supply and Opportunity Costs
In a second step, we therefore constrained our sample to households where two or more household members were responsible for water collection before public water points were constructed (see lower part of Table 5 Interestingly, this effect is mostly driven by a lower involvement of 0.1 men (column 5) and not of women (column 2) even though this group is usually expected to benefit most from water infrastructure given that they take over most of the water collection burden at baseline. However, it seems that water collection is seen as a women's task and men only help in the most severe water conditions. Once these improve, water collection is left to women and the benefits of improved access are not shared equally. 18 The counterfactual mean is calculated as the mean value of the treatment group plus the change in the control group and can thus be interpreted as the mean value in case the treatment group would not have been treated. Collecting daily time diaries was unfortunately not feasible within the framework of this study. All women who started to use a new water point within the last year were therefore asked how the time savings achieved through an improved water point were being used. Only 35 percent of women reported that they use the time gains for income generating activities such as agriculture, trading or handicrafts. This value seems reasonable given that only 32 percent of all women reported pursuing an income generating activity as their main activity at baseline (see Table A4 19 Results are available from the authors on request. 20 We also do not find that girls and/or boys are more likely to report being enrolled in school following improved water access (results are available from the authors on request). Firstly, time savings per day are only moderate at 35 minutes per day. This freed time is probably not enough to keep children in school who would otherwise need to do chores. Moreover, we did not find any evidence that girls and/or boys are freed from the water collection process following the installation of improved public water supply (see Table 5 ). As of public water supply costs (standpipe) % 11.02 in relation to the investment cost of a pump =$20,000 USD As of public water supply costs (pump) % 6.81 in relation to the investment cost of a standpipe =$55,000 USD
The average village size in our sample is 107 households for villages where a standpipe is installed, and 63 households for villages where a pump is installed. The economic value of the time savings per village per year is equal to 11 percent of the investment costs for a village pump ($20,000 USD) or 7 percent of a standpipe respectively (Table 6 ). This implies that the net present value of the investment in a pump, assuming a discount rate of 5 percent common for water supply investments (KfW, 2011) is positive after 13 years of use for a pump and 18 years of use for a standpipe. Hence, the (opportunity cost of) time savings generated by public water supply interventions pay off the investment cost if the infrastructure lifetime is at least 13 or 18 years, respectively.
Note again that public water supply does not improve the health of the population (see Appendix A3 and introduction). Hence, the economic value of time savings is crucial for any cost-benefit analysis of public water supply. Taking into account that only 35 percent of people use the time gains for income generating activities, this calculation of opportunity costs certainly overestimates the financial benefits of time savings (the respective numbers in Table 5 would have to be divided by about three). The presented numbers in Table 6 should hence be considered as an upper-bound estimate of the economic value of public water supply.
Robustness Checks
The validity of double-difference analysis rests on the identifying assumption that the trend in the dependent variable, absent the treatment, is equal for intervention and control groups. This assumption cannot be tested directly but we provide a number of indirect robustness checks that strengthen the plausibility of this assumption (apart from applying a phase-in approach to select the control group).
A first test is to replace the outcome variable by alternative dependent variables which should not be affected by the treatment intervention but which might be correlated with the outcome variables of real interest and estimate the "hypothetical" treatment effect for this new variable (Duflo, 2002) . Secondly, we interact several characteristics that were initially different (although statistically insignificant) between control and treatment group with the time, village and treatment effect to test whether the impact would be significantly different for the control group taking into account that it shows somewhat different characteristics to the treatment group. before our studied water supply intervention took place). Table 7 shows the robustness check of the difference-in-difference estimates for outcome variables which should not be influenced by the treatment but which might be correlated with the outcome variable(s) of interest, namely: household head's education, household size, poverty status of a household 22 and household has access via paved road. The double difference impact of treatment on these alternative outcome variables is not significant. These results indicate that there seems to be no trend (during the time period of observation) of conditions in the treatment villages relative to the control villages that might decrease the time to collect water. Table 8 shows the difference-in-difference analysis (with time for a roundtrip as the dependent variable) when including an interaction term of treatment and education of the household head (column 1), household size (column 2), poverty (column 3), and paved road access (column 4). A first finding is that the size of the treatment effect is reasonably close to the basic estimate (minus 18 minutes) and stable across specifications. Moreover, we find no indication of differential treatment effects across household characteristics. 22 An asset index is constructed using 30 housing conditions and households' durable assets. If a certain item is present in a household the binary variable is 1 and otherwise 0. We apply principle component analysis to construct an asset index. Being poor is defined as belonging to the lowest two quintiles of the asset index distribution. Last, Figure 1 indicates that there is a large increase in "use of a modern water sources" in the treatment group through the studied program which is clearly not the continuation of a pre-baseline trend. In the period prior to the baseline survey, the treatment villages have a slightly downward sloping trend in comparison to the control villages. A regression further shows that the pre-baseline (placebo) treatment effect is not significant. We therefore cannot reject the hypothesis of a parallel trend in treatment and control villages before the studied program intervention. The evidence from the three robustness checks discussed here supports the identifying assumption that our findings are not the result of a trend difference between treatment and control villages. 
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50% of control villages are less than 5 km away from the next treatment village. If spillover effects prevail, the time to collect water for treatment villages might increase due to higher population pressure (from households of control villages also using the new water point). On the other hand, the time to collect water for control villages might decrease or increase depending on whether the distance to the newly built water point in the treatment village is smaller or larger than the distance to the previously used (traditional) water source.
Exploiting detailed village level information on water points from the follow-up survey, we find no evidence that control villages started to use treatment water points.
In 2010, only 3 control villages report having started to use a new water point within the last 12 months. In these 3 cases, spillover effects might occur, but in general we 23 Distances between treatment and control group are calculated using GPS data on the main water point in the village. Averages reflect the distance between treatment villages and the closest control village. In other words, water points are, on average, shared with one other village and, if a new water point is installed, it will also be shared with this village, but will not attract additional villages to collect water.
Discussion and Conclusion
This study analyzes the impact of improved water supply on time savings and women's labor supply applying a combination of a difference-in-difference analysis and a phase-in approach. Our results confirm former studies which found a reduced time burden. We find that a new water point saves households an average of 35 minutes per day for water collection activities. As women are mainly engaged in water fetching activities they should benefit most from water supply interventions.
However, we find that it is first of all men who are freed from water collection activities and that only 35 percent of women use the achieved time gains for income generating activities. This estimate translates into a yearly economic value of less than 1-2 percent of a household's annual income.
The estimated time savings per day (of 35 minutes) are at the lower end of previous studies, which did, however, rarely control for endogeneity, or used very small and/or non-random samples. A second explanation is that the baseline proportion of households already using an improved water source is 40 percent in our sample, whereas it might be lower in other studies: unfortunately, few studies report on baseline coverage rates. We think that our results are, however, very relevant for current and future public water supply programs, which are confronted with similar coverage rates in rural areas. Water supply interventions in such settings should 24 Results are not reported here, but are available from the authors on request.
expect the same time savings if need-based targeting -excluding any villages that already have access to improved water sources (in neighboring villages) -is not improved.
Moreover, our results suggest that it is not only the distance to the water point which is reduced, but that waiting times at all water sources, including traditional sources, seem to be shortened. Since there is often "congestion" at public water points, users of the improved source benefit from the fact that not all households (at all times) switch to the new water point. Hence, the number of users per water point, and the waiting time, decreases for all water points, including the new one. If all households switched to the new water point, waiting times would not change significantly after the installation of an improved water point. From a policy perspective, only shortening the distance to a water source may decrease water collection times less than expected.
Large time savings can only be achieved if the population pressure at the water point,
i.e. waiting times, is also reduced.
This result also points at two important measurement issues. First, distance to a water source is not a good proxy for the time to collect water. Water collection times equally depend on the number of households per water source and the distance to the source. Second, in the follow-up survey we noticed significantly longer times reported for a roundtrip due to a disaggregation of the water collection process. We therefore conclude that asking just one single question about the time spent fetching water -as, for example, was the case in the DHS surveys -will underestimate the actual time needed to collect water. This last hypothesis obviously asks for further research.
Last, we note the importance of taking a "quantity-time" trade-off into account when evaluating time savings. Once the unit cost of water consumption is reduced, households consume more of it which, subsequently, causes overall time gains to be lower than might be expected from time savings per water collection round trip. From a measurement perspective this means that surveys should collect information both on the time to obtain one container of water and on the water quantity collected per day.
A "quantity-time" trade-off might also be one reason why labor supply does not significantly increase.
A2: Summary of pre-baseline matching procedure
During villgae sampling in Collines, matching of treatment and control villages was done using pre-baseline data. This approach was not be followed for Mono-Couffo because of missing data; for this reason village sampling was done randomly from program lists in Mono-Couffo.
In Collines two sets of pre-baseline data could be used for matching: first, village level data Günther and Schipper (2012) for a more detailed description of this analysis). Column 2 is at the household level for households with water tests in the subsample of 134 villages. 
